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THE FLOATING MARINA PIER 


1. INTRODUCTION 


The floating marina pier which was developed and presented to ONR in September, 
1981, is the second of three concepts selected for further study under the contract 
for 1982/83, Interestingly, all three concepts of the future Navy pier are common 
in their basic features of flotation and mobility. The difference between them is 
only in their application. The emergence of a floating and mobile pier concept is 
perhaps a logical next stage in the evolution of a Navy pier, since the fixed position 
and fixed level pier have been with us for a long time, and any improvement thereon 
at this time would at best be incremental and not generic in nature. Increasing the 
working area of a deck by adding another deck on the fixed pier can also be 
considered an improvement in the former category. 


The floating pier will solve the traditional problems of a fixed pier — congestion 
on deck, slow turnaround time, inadequate services, and heavy maintenance costs, 
particularly from the replacement of the camel fendering system. 


Although a floating pier is new to the Navy, the state of the art pertaining to the 
design and construction of a floating vessel is not. There are numerous instances 
and experiences that have proven the feasibility of a floating vessel being used as 
a pier. The Navy itself has built several prestressed concrete floating piers 
measuring 500' x 100' to serve as docks for seaplanes in the early 50's, in Honolulu, 
Alameda and San Diego. Several concrete floating dry docks were also built in WW 
N, and these had operated continuously for forty years. Recent examples of 
concrete vessels include the 65,000-ton LPG barge for ARCO that measures 136! 
wide by 460' long, now operating off Indonesia, and the floating pier terminal 
measuring 30' x 100' x 700', which is under construction in Tacoma, Washington, for 
service in Valdez, Alaska. 


The format of this report will be similar to the first one on the floating 
expeditionary pier. It will investigate the general validity of the design, etc., that 
were used in the development of the concept in 1981, study the feasibility of 
materials and construction methods, and identify problem areas. 


2. THE ADVANTAGES OF THE FLOATING MARINA PIER 


The advantages of a floating pier for Naval upplications have been brought out and 
discussed in published materials, particularly the study on floating piers submitted 
by T.Y. Lin International to the Naval Civil Engineering Lab in Port Hueneme in 
1982. For the sake of the completeness of this report, the major advantages 
described in the study may be summarized as follows: 


a) The pier can be constructed offsite, then towed to site for installation 
when completed. The advantages here are the reduction of construction 
time, cost, and traffic congestion at the site. 


b) A floating pier, particularly one that can be extended far out into deeper 
waters, does not take up as much valuable waterfront real estate as a 
fixed pier. It is also not as demanding as a fixed pier in the selection 
of a suitable site. 


c) By being able to move up and down with the changes of water level, it 
will avoid the customary and considerable changes in the length of 
mooring lines, brows, hoses, electric cables and other utility lines that 
connect the pier with the ship, thus reducing the wear and tear, as well 
as the knotting and the pinching of these lines due to excessive e-colling 
and stretching that are common with the fixed pier. 


d) The near constant pier/ship level realtionship will make it possible to use 
fixed position modern fendering systems, instead of the traditional camel 
fendering system which is subjected to heavy maintenance problems and 
costs. 


e) It can provide a second deck without much additional cost. This 
advantage has been recognized, as evidenced by the double-deck pier 
being considered for Charleston Naval Station. For the floating pier, the 
addition of the second deck is almost "natural." This is because of the 
available space between the main deck, which is located 16' above the 
waterline, and the buoyancy chamber, which is below the waterline. This 
space serves no purpose other than to support the main deck and could 
easily be turned into a second deck with little additional effort and cost. 
The second deck will go far in relieving congestion, not only in traffic 
but also in the utility pipelines, and will perform additional functions 
such as providing space for training facilities, workshops, and parking. It 
will undoubtedly increase the efficiency of the pier and heighten the 
combat readiness of the docked ships. — 


f) It will increase cost effectiveness of the pier by making it reuseable. 
Thus, a floating pier that has become obsolete in one location need not 
be disposed of by demolition, but could be relocated at another site 
where it could be useful. 


g) Its mobility and relocatability will enhance the deterrent effect of the z 
Navy in general. To maximize this effect, the pier should be located in 
a relatively large body of inland or sheltered water. There is a number 
of such waters around the USA, e.g., the Great Lakes that feed into the 
Hudson River, Puget Sound in Oregon, the San Francisco Bay, the 
Sacramento Delta area in California, and the Galveston Bay in Texas. 


h) The marina pier concept will cater well to the future expanded Navy 
because it can be modularized, mass-produced and made up to almost any 
size within physical limits by assembling the number of modules required. 
The major limitation is the capacity of the anchoring system and the 
incidence and magnitude of wave and seiche action at the site. 


i) Better earthquake resistance can be expected in a floating pier. 


There are, of course, also disadvantages to this concept. The first would be its 
vulnerability to blockage if the ships' access to the sea is cut by enemy action. 
This would be true for the traditional Navy ships. However, for the marina pier 
operating in the future, the Navy ships it was to cater for and as projected in the 
original concept, have been envisioned to be vessels capable of skimming over the 
water surface at great speed like a hydrofoil. The blockage of the waterways would 
have to be fairly complete before vessels of this type could be stopped. 


Other disadvantages exist with the floating pier concept which must be considered 

- in a final evaluation. Some of these are: high initial cost, as high quality control 
during construction and larger quantities of materials are required; more inspection 

' to ensure seaworthiness is necessary; vulnerability to accidental sinking and relative 
movement at the pier-shore interface which may pose some problem to the design. 


3. DESIGN CONSIDERATIONS 
The design parameters that have been established for the marina pier are as follows: 


a) Dead and live loads. Refer to Appendix A, Sheet A-1.0 for loading 
criteria. 


b) Wave loads according to Sea State 2; e.g., a wave height of 3' maximum 
and a wave length equal to the pier length parallel to the direction of 
the incident wave. The design procedure for wave loading follows that 
of the ABS rules and classing of vessels. 


ec) Wind loads according to Sea State 2; e.g., a maximum wind velocity of 
50 mph. The wind forces and their distribution are done according to the 
NAVFAC's Design Manual DM 26. 
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d) Current of 3 knots at water surface decreasing linearly to zero at the 
water bottom and constant current velocity from pier end to shore. The 
current loadings are estimated using the new Navy DM 26-6 method. 
Wave, wind and current forces are assumed to be acting concurrently 
when full berthing at the floating pier (Scheme 2) occurs. 


e) Double deck spine pier only. 
f) Safety considerations. 
g) | Modular construction. 


h) Maximum draft of 27.5' due to dead and full live load using hard rock 
concrete. Water depth of 40'. If lightweight concrete is used, the draft 
will be reduced to 24.5', thereby extendir¢g the usefulness of the pier to 
more shallow sites. 


i)  Self-sufficiency. 


4. DESCRIPTION OF THE PIER 


Two marina pier schemes, each with 12-berth capacity, are presented. Scheme 1 
is similar to the original concept of 1981 that caters for the projected future Navy 
ships that can speed like a hydrofoil, and maneuver under water like a submarine. 
In the second scheme, the plan configuration is altered to cater for the present 
destroyer class vessels. These two schemes are shown respectively in Drawings 1 
to 7 inclusive. 


The structural configuration of the pier is generally as shown in the original 
concept. The elevation of the main deck is set at 17' above water. The draft of 
the finger piers, which are made up basically of buoyancy chambers, is 13' on the 
average, while the draft of the main spine pier is 27'. As mentioned previously, the 
pier is to be made up of several modules. For each unit to be self-floating, the 
finger and spine piers will have to be enclosed around the periphery to keep the 
water out. Connection details between the modules when they are maneuvered into 
position are shown in Drawing 11. For Scheme 2 where the pier is shown to service 
the present ships, the finger piers are set at 330’ clear apart to meet the 
requirements of the design manual. 


Service lines are led to each finger pier from the second deck of the spine pier, 
either through a servicing tower as shown in the original concept, or by pipe troughs 
under the finger piers, as shown in Drawing 11. If the servicing tower to the stern 
or the bow of a ship is envisaged, the utility inlets of the ship will have to be 
located accordingly. 


The pier is anchored by two pylons, one at each end of the spine. AS envisaged, 
the pylon consists of a hollow circular shaft or shaft of other cross-sections, which 
is inserted into a base structure on the floor basin. The advantage of this is the 
simplicity of the process of installing and removing anchors, thereby enhancing the 
relocatability of the pier. The procedure of anchoring or deanchoring consists of 
no more than inserting into or removing the vertical shaft from the base structure. 
See Drawing 10 for possible details. 


The pier main deck is connected to the shore by one 20' wide ramp and the second 
deck by two 10' wide ramps, one for ingress and the other for egress. These ramps 
are connected to a pinned joint at the shore end, and a sliding joint at the pier that 
are designed to accommodate relative vertical and horizontal movements. 


The availability of the second deck will provide the necessary space required to 
make the pier as self-sufficient as possible. There will be ample space for storage, 
living accommodations for the maintenance and control crew, etc. 


It is also possible to convert the spine deck into a runway for Navy planes, similar 
to the conversion of the finger pier in the expeditionary pier concept into runways. 
In this case, the pylon must not protrude above the deck level, and service lines 
must be kept below the main deck. 


5. VALIDITY OF DESIGN 


Based on the design considerations listed abeve, the preliminary design of the pier 
was carried out and the calculations enclosed as Appendix A at the end of this 
report. As for the expeditionary pier, this design was checked to ensure that the 
structural system as quantified in the drawings, will be adequate to withstand 
assumed construction, towing and operating conditions and that its flotation and 
naval architectural characteristics are satisfactory. For this pier the major design 
problems are centered around: 


1. The connection between the modules; 
2. The anchoring system; 


3. The supply of services for a high concentration of ships that the pier can 
accommodate; and 


4. The shore-pier interface. 


The rest of the design is seen to be within the state of the art. 
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6. ANALYTICAL AND DESIGN FEASIBILITY 


The feasibility of design of this pier is similar to that described for the 
expeditionary pier in Report No. 1. Deficiencies in the state-of-the-art technology 
are nevertheless present, particularly in relation to the major problem areas as 
pointed out in the previous section. This will be commented upon in the following. 


6.1 Connection Between Modules 


Connections between prefabricated modules of a large floating structure are within 
the state of the art. The difficulty in our case is with the size and lightship draft 
of the modules involved. Our design has called for module connection between spine 
and spine of similar draft, and finger to spine modules of different drafts. This last 
connection requires ballasting of the finger module to achieve the same draft as the 
spine pier. The two modules assembled are first of all maneuvered into position and 
secured in the relative position by a set of temporary ties on the main deck. The 
two modules to be connected are then pulled together by tightening the adjustable 
ties at the sides of the connecting face as shown. This will provide sufficient force 
for the two connecting faces to seal off the trench between the two adjacent 
bulkheads along the joint. Water is pumped out of the trench to permit prestressing 
couplings and other reinforcing steel to be connected or spliced. The trench is then 
eoncreted, and when the concrete has acquired the necessary strength, the 
connecting tendons are stressed. 


6.2 The Pylon Anchoring System 


The purpose of the pylon is to restrain the pier against horizontal movement while 
permitting it to move vertically with the change in water level. It consists of a 
larger-diameter hollow vertical shaft standing freely in a sleeve that forms part of 
a piled base structure. It is important to keep the floating pier aligned with the 
pylon base structure when the pylon is being positioned. The tentative anchoring 
system is shown in Drawing 10. 
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6.3 Utility Lines 


In view of the number of ships that could be serviced by this pier and of the need 
for the pier to be as self-sufficient as possible, it is envisioned that the pier will 
be equipped to generate most if not all of the services, such as steam, power, 
sewage disposal, and potable and fire-fighting water supplies. Because of the size 
of the supply system, the flexible connection of the utility lines between the pier 
and the shore would be an area of major design effort, as this connection must 
accommodate the full range of vertical movements due to water action, and limited 
horizontal displacements caused by environmental loads. Refer to Dwgs. 8 & 9. 
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7. MATERIAL FEASIBILITY 


Normal weight concrete has been used in this design as the prime structural 
construction material. No difficulty is foreseen in the use of this material, which 
has been proven in marine applications. Permeability and abrasion of the pier must 
be kept to a minimum in order to ensure long-term durability. The standard way 
to watertightness is to produce good concrete, provide proper curing, and coat the 
exterior face of the construction joints with sealant. Lightweight concrete could be 
used to advantage for floating structures. Lightweight concrete can now be made 
with high working strength (7,000 psi) and resistance against abrasion. Concrete in 
the sea inhibits marine growth due to its alkalinity, although growth does take 
place. Where this problem exists, the surface could be coated with marine growth 
inhibitors commonly used for offshore work. Other materials that can be used 
include high strength steel tendons and wires, mild steel and wire mesh, all of which 
are readily available today. 


The materials that may require some research will be those connected with the 
construction of the pylon anchoring system and materials used in the connection of 
the utility lines across the shore-pier interiace. The pylon shaft requires a large 
cross-section and can be exceedingly heavy. Its movement will require the use of 
very heavy cranes, which may not be easily available at a particular site. The 
design tentatively calis for 13' outside diameter normal weight concrete pylons 
weighing 300 tons each. As an unconventional alternative, high strength polymer 
concrete with three times the conventional strength may be used to reduce weight. 


8. CONSTRUCTIONAL FEASIBILITY 


The comments that were made for the expeditionary pier are mostly equally 
applicable in the case of the marina pier. Generally it is envisioned that the pier 
modules will be built by the flood basin method, as described for the expeditionary 
pier. The same flood basin method may be used to construct the base structure of 
the pylon anchors and the pylons. 


9. ALTERNATIVE ANCHORING SYSTEM 


It will be possible to anchor the marina pier by the conventional anchor and mooring 
line methods. However, the anchoring system will be extensive, requiring perhaps 
16 or 18 anchoring points, making the installation and removal of the anchors a 
lengthy process. Another difficulty is the possible excessive excursion of the pier 
while on station, and the problem it poses to its connection with shore. 


It may also be possible for this marina pier to incorporate the stiff-legged anchoring 
system as described for the expeditionary pier. 


10. COST CONSIDERATIONS 


Based on the concept presented herein and the unit prices, as listed in the following, 
the cost of the pier may be estimated as follows: 


For hard rock concrete the overall unit cost is taken at $900/C.Y. of concrete. This 
order-of-magnitude cost includes concrete, steel, ramps, construction, tow and 
connection, fenders, plus an additional allowance of 10% for miscellaneous items. 
The cost of the pier structure then works out to be $85 million for approximately 
95,000 C.Y. of concrete. 


The cost of the pier structure, if constructed of lightweight concrete assumed at 
$1,000/C.Y. of concrete, will amount to $95 million. On a unit cost basis, this 
works out to be $164 per sq. ft. for a total of 578,000 sq. ft. of deck span including 
the second deck for Scheme 2. 


11. CONCLUDING REMARKS 


The development of this concept had produced a number of novel features which 
may have important impact on the development of floating piers in general. The 
most significant ones are the pylon anchoring system, and the unprecedented 
magnitude of vessel size. 


The technological feasibility of the marina pier has been demonstrated in this brief 
exercise. The initial cost is high compared to the conventional pier. It does offer 
important advantages, as described in this report if conditions exist to justify its 
construction. 
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The sysi[ein Consists oF 2 Flos fig CONCTETE -SOxK 
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& P16 =p I8F Ss 


7reasformead Arts oF concrefe @ font C: 


fc *# /20 » 33 V3000 Es= 2941/08 psr 
© 2.7 K10% PS! 
736 Bigs IZ.¢ C 2Y/3,4) 


Aq. = 
= /038 @ or UVYo Wwicréosée 177 AVES 
Frestress2 -0.80%1352/¢./ 
= — 994 PS! — 
Wave logh= /352/, 1 _ 
ce 
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Cont’ prespressin YM An~AareCTIIN @ FEC 


Kesitus! 7ésion = hve ($2g.) - fresTress 
(ZI EF 499 Le 


244 P8’ —> Use rmila sreel 


won 


" 


firial Cornpressive. STfresses 9h Pornl Cc! xX-x coset irig 


Ox, maz £9O5K T Ox PYESITESS ) INCWAES Transformed 
= + 6891/2 18 -3- 6- 974 HES 
=- 2668 PY a 


Oo,mox = E0y + Og prestress ,asume 400 pee 


= -F#b6- 32-59 —-400 
= — 567 7% _-e 
Ty x O Abo sll Exfrenie FIbELS 


Privitipeal S77Tess af © : 
Cook yin = + h | (o%~G5 )* r+ @2* 
=t Yo |/(-2666 +567 )*+ 0 


=e +t (16/ PS 


Trax, min V2 CR+TG) * Comex) 
= Y2 (-2688 -§67) t 716/ 
= —.2669ps/, - 567 psf é— 


CE requred = (Te %, ge 


= [2689 /0.4 ] 
e 6F20 ps 


Yse_ tia Atneigar concrete Fé = 7000 P* ~ 


"Ry : 
} :-f 
a fe 

Ye Gre hy _Seapeenreren 
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Environmental CaS (4 9-4 Nvecrroy 
Wwe (OIntnaA : 


- 


ABS Wave _llomn€ufs and Sheas @ Se SPITE 2 


fOr Wve loaqdwig 17 TOAECTIONZ OE Cou SUBHWAE 
Tbe Fliahng plier in 3 seqments , Eacty SGC 
Contes “The we Omwosi7e Fingers flus Tne j-orfiorn 
OF WIE Seve toer Cenneers Thémr. Usng This IS! ume ox 
Men fae ontcg/ Segment wouly be tae wiclesf 0 een 
Is #2 bEfow, 


“4 


—— F/O 779 Mearns 


de Wave r Wind r 


Currerif ¢ &y Y ) 


wave Montel af made SegrenT (z) 


Meo, = Ms,, + My 


wy 0] 
MS vy = SHH weltr Béncts Moment 

oO « assume relstively uniform OLE CL Aisliby - 
tow, tendon ectenInaly witt bVlonce ang 
PesHble Sill wafer Moméuls. 


=\% CN... 
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BATE: 7, 83 oa 


Cont’ Were N10MENT yg AF SEGuieniT 2 
Min OF UOTE SCqrven)T (tz) 
1m, C2L°BHEKb =, Max. Wave Moment? @ yee 
7) 


kK = 1:0 For Co 70.80 
Cer +O SSSWTED 
Le = FI x 10-F 


< = /2¢0’ 
B= L440'x60' + fo0'« 100'r 80x 410 )/ 620’ 
9*80 
= -fZ5¢ ; 
He = 26.76" /000< L< /¢00" 


Muy IT Spine = 71410 Fx 1240" /25n26.75 x 1.x 224 
wy =B/8*/0 kK-F 


Meximum mcment ther Carn occur PT Se seep nen? 2 CE, pe) 
foce due fo 3’ Alga LwaVeS 


Mirek, OF Spire = Lf x My, 


AI centerline He vd 
3’ «x BIBXIO 6 k-F 
26.75" 
= 9.24109 kK-F &—— 
Gmex = Maximum slowable Wave bending Stress : 
= 0.95 Fe fé = 7000 ps/ (assumed phroygal ) 
= /SS ps 


Sh pa et 


r 
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ABS hive Bendina MomtAtr ana Shear OisSAPrbupped : 


busgve. If? IY AMrecriow 
Mme4 90 = 92x/07 KFC CenkrlaEe i=: /2¥o" 


SfPhos of /24'-0" v0nG 4 AXIS 


Sta7Ion Berching Moment (Wave Heeaut = 3’ ) 
oO O % O K-F . 
2 O./0x 924 109 = 92000 
4 0.35% 9.20105 = 322000 
6 068« F2x/0> = 625600 
O95 4924/05 = 874000 
SeTeOny 1.00 49.24/07 = 920000 
OE =e 0.9¢49.24108 = 864800 | 
It OPFPERG. 24105 = 680360 
/6 OF3KILX soe = 395600 
/8 0./3%9.2 4/05 = 1/9600 q 
ZO (4 = 0 
sheer Listribufrion 
fm ohy Buy + lwo 
Fy4 = SIH Weller Shéor 
2 O 
Fwy = KMw/t K=O , és 
«2. 2 He : 
Ms Mex. wave moment Ee, Ses pees / 
as KF &/.G, F964 < 682 
mM aici 22.5, B06'S4< 992 
t = /240' 3 J 


FWgy (K=°) = O 
K:26) = 1929 
. kele)e 110%* 
(kz2.5)2 (855% 
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OATE! = aos 
Ei, B82 AMT 


Wave Momen?s Ind Shear EnvelyeeS Cy-y arvrecrion) 
NF 
| 


hEiGhT : 3B 
. eck in€ lle ‘eet . 
“ft MWe. a ae Soe io 
CRS s 
© wt 
N Sree 
vi 
| 
2.0 
i 87.4 u 86.5 
Yonenty 9.2 As 
NoaGrorri Jee - 
(KPMOF 
| i | { l 
a eee | ee 
ee a 
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oO 2 4 6 8 10 12 (#4 fe 18 2 
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check Finger fier Séction for Awe Bendird 


Safin at b : FE = 7000 pos 
/ 
Miyy IT E = 322000 F( 625000 ~ 322000)«1/2//2¢. ' 


= SIS67? KF 
SGC9/ force g= 197204 


Omox @8 «© Moeximn showable eeriding Stresses 
=> O45 7000 2 
= ($75 PS 


Mirimum St,6 reguiren st 


Stb = 595677/595x144) jo00 
=_2676 £3 caer 


a $o-o" | 
/2" SPTUC HUE 
ee / |} Man Oeck 


: SECTION ~) 
8 VY 
Bottom Ceck 
a 
e , 
| 4 ] | gy! | Ay? Ay? FF on,” | 5 - 
/ #35 | 275 , (283 | 87856 
2 | 467 | 058 by” see “6, & | 
3) 32) IS.) eee | ego2 | 20% 
¢ 13.9 ‘S.J | 210 | 31773 . 896 | 
at | : eh is > 
[366 | 14 | 2010 | 488r, 3003 | (ED BOT 


Zon = [4849% +3003 - 936.6x IEF] a2 
= 43869 °F 


3 3 
Sts €306¢/15.3 = 28677" > 262°“ = e— 


- 
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Wid MAE fo_fylons (9 The g-y avrecnon 
Assume : a) Sea Spee t+ wind vélowty of S0 pH 
10 O- “9 mMvecto7n @ OF fo long jane! 
SKIS OFF Ships . 
@) All 2) Says are reswed in the fer 
c) Ships vested 109 leeward side CF every 
Finger TIKES 50% oF wind bhads ov Shrp’s 
Sf Tae Wintasiwd SiAe- 
A) Orly 0D-962 witsfed 37 the Lier 
2) Weltrl aA0C?S hot wbsSoretct Enero 4 
0D - 963 


7 ot cA 00-963 7 
‘Cred e 5 or 
s=\ att 
| enone 


} | j | 
} f 
e—2. sae 
Ay G94 40 A © BOMT 
= 22 oo” « /520 


Aino * 2200" Ayp =179 (tooo - 6x 55" = 
- 3%G0') 
= 6/709 
Total area expostd fo wird: 
Ar= 6(Aoo) + HAF) + 6/2(Avo) t Ap 
= 6x2200 t3nlS20 ¢ 8x 2200 t BI7O 
= 32530 Sy 34200 P , 70 factude *"ohEr 
PINS OF YESssCls 
from Of 26 : Fw Ces Yn Pu Vol As 
Gw=t0 ,wind af 0° to ships 
Pw = 0.0023~% -LC4-+ 2 68'F 
Vw = SOMPH = #3¥ sec @ $0 Shwe welérhn€ 


fv = 1.0% Yy x 0.0023>% 93% 34-000" 
= Z/¢% 7ofel 


wind C1882 y {yp 2 Wt"/ «= sor * ¢-— 
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DESIGN: —, ae Loads (4 BHeba a0 ETC. 


Currear wags Y HWeCCfIov : 


Use Sane assumption as Current Fores ia x-direcrion . 
Current vyetocily : 3 kaols aT surfoce . 


Ared, 00-963 = 29x50! 
= /950? 


Arta, Finger = 25x B0' 
= 2000” 


Aréae Spiue = 25 (Jo00'- 6x G0'- 3x 80) 
= //500 # 


Jota Area Exposed fo current + 


Aer = 6 (400) t 6005 Aon) TIAAF IT Pspiné 
S 6x/450 & 6v 054/950 7 220007 1/500 
= 305509 Seq 2/000 # 


New 7 26.6 Gk 26.6- 3) 
Fe =EGLUDI EC Ac 


when Wi = $9 (Wappr ct eth) 
T eF COLT ) 


Yo, = aug. Curren? . Fis 
<« (3t 003)/e 
= /G knots = 3.22 S& @ Ships 


Yep= C3 + 1.43)/2 BRATS —» go! 
= 2.2/ knd’s x S19" 
= 337¢ Fils @ Pier 

WO fe = 4Y/25 = 16 Then CYS pier = 1? 


Total Porte. = (NX 19671 194 3.22% 13050 %4 bx 3.94% 17900 %7 
= 645 


Tot Current lod fo €8th Pylet:~6 45/2 = 320k 4 — 


ee eee soe & 
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= OF F323 ee Sn rss 
#05 “4 ‘ 
siz FUE Cae i 


-PUE Groap 


JO7%a/ Exvironmervtal Wed fo Piytov 17 X-X AVECHOWN 


Vowlow x= Vwi, + Lurréenty 
W 698 r (313% 
19F1K é—_—_ Governs 


“oN 
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Primera SHreSCS IT Fork 8B at finger OF S@GmeuT 2: 


Foat Bo Sxhor 6: 
botttm Seb oF fwiger 1p SES te ko 2 


T Due 7o EGxywirrovrIméufal C0SGSS mm 9-0 HMveCh ow : 


1) OWE WiAuCEA SIrCSSES : 


Mex = 595697 °" (Wave fe95/25 ) 
Tropn + FIS6PFKICCC/pyp4 gg 

OOo 43 PY CH 
oom, = FIS6IF 4 1000/2954 4 144 


= /386 PS) (Cc) 


l 


2) wind Induced SpAcsses 


Assume thet wha ama curren’ Weds SENHA on 
windward Shryps ma per We Transrered TH ronGl, 
moorings lecsTed FT 792 C.G-C. OF Freiger PIEr . 
Thar 1s ~ 0 Forsion at The VAGEIS Mie 7O These loads. 


2( fv 00) = oe Y2x O.0OZ3F x 73% Z200”) 


(fw ping = LOyYo «0.00237 ie 1520 


= 76K 
chy = 77.8%96% 

= 37.9% 
wy = fw 


; Fe 8 Pst 
= 374 x 1000/2393 % 44 = 7 (smell ) 


*Musf CoeCK Séecnon B for loads in x Ghrechon, 


en tee ee + — 


Sapiens + 
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1G 
CATE; Wa §3 KY) 


conr’ Primary sresses st folnT & 


3) Current y-g Imauced Srresses : 
2CE 44 op =2I49«(J2d« hPBFK 322% /¢50] 
= 57k 


2 | 
‘Fegy fing = 16K Vax 17EPR* BFF x ZO00 


= 94.5% 


I yye Bac 57 + F¢45 
= /0/,5% 
S7ress Coy = 101.5 «(000/2734 144 
2 3 PS 


Toral Prmem sressés al font 8 ot fingeS Mme 
fo GwronmET 8 LOdAS : 


= 0p = (386 t/ +3 
= 13590 P35! ¢<— 


Slay = o”™ sr sib cage 


SHEET: 


PROVECT: (WA Pits 


and 
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DESION: <->--<cc. ET Opp emier jl lon 
SPE GOTT AT: bs (FIR IES ce ngion: 


wine eo tee 


Secondary stresses 97 fre B , finger at Sseqneat 2: 
/) Bucy ancy Bencirig ny 


At Goifim Slab: Spo « 20-0" 
styporT = SE" 
a) Sette Presure_+ 
nee SF 
corcrere : IFfjr* AD = 0./75* 


(9864. FPNSE. = 0.95 
Buagaricy $943%:0622-0.8/ 


Resultant +: 2-059 KF 


Shib Section Progernies at Porat 8B 
Te l2xt7re = 2744", 
Sz 27¢4+2/g = 292 4 
Lb) Moment: lax/9! Ll, = 40" 
Ch y >Z POE - Wary Slab 
Sno = WAT 14 


= 2594/9 /11 
= ZoKF 


C) SHresses = Oe, yt BOA 10004 124/555 
= ZI 6/z Fst ¢— 


ITEM, FEC eA MoI? Kier , Se. 2 Ate ie 
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Lei PR: ae oe 


REVISION. 


cont’ Buoysncy Sécondary stresses @ Pr B 
2) Buoyncy Ariel ClOb2/ Stresses: 

oY L6ad Cod fal +: Oreffr = zs’ 
Finger Fler é frer 


AS ASSUME Te 
aijer tsee 26, 
AT To.06CK ! nee ji 


OR Povagquls 77S 
‘y Vd Strain 
2 wm 
J OB fe Bott Leck _ 
( = O.53SF 


LETAIL (A ) 


Case 9 dade of _ X=0,2=0 


Ke= 496 Po = 1.33 (EO. (eatapolotieg) 
Kp =O1! (053(30) 
= 1O3K/F or 18K 


Srresses eT font B 
Ox,y = 18007 12" 14" 


: lesa losdl 
= 11 PS! — arorr 
700 PSF 
b) Ocadr te logd_+ Jige +: (2542 = 14S 
7s' 
ti = 2.20 SY : 
= 0.062K/5.0 = 093 KSF : 
B= 220K 0.93 x 30' Fill raPt 
k 
2 S64F oF 5b CS 


spesses ET PonT B : Oxy = S600 rx = 33 PS — 


a 
- | odie 2 
“ES? | al \ 4 EMT [09 hat MISTING FICC, Sb, 2 
‘Mm wu INTERNATIONAL DESIGN: eres Sore nar : 
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Sess Summary 3 Font C ave fo Envirorpénsal coats 


LTE GCC CMON 


wading SnEesCs aff (eB Ops) 
toca! Globa| é 


bead + Live 
+ BuQgencey 
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Op eh Oe a me: 


oe eee 
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PrestressiagG (a _Y aAtrECTIOn 


fortial Fréesressing : ASSAME B% OF presptss Fo 
Offset FEensil€ Spesses af Go7tom s/2h due 7o 
WAVE SEGGIAG . 


Chote @ B= + 1386 1% 


Preshess 2 -0.80% /386°" 
wif fOg es! 


7 tal Presfressing Forte F, 
Fo MOT R (37XExX (¢-4¢/ 1000 
437479 * 
Assume. 270 Grecde PLESAYE SEG STrands : 
fireg = 43749 /030%0.90°" 
Zz / “e 
1-6 g 
Tojo! Yo Sfeel ja Cross-4red C folur C +: 


Assume. “ila stele 7% 


you (ww 


Préstr@ss1-1g = 6/24/37 = 0.006 
= 06% 
2 => 1.6%0 —> €$4 id 


Trensformed Arts OF Concrete @ ft & oF Finger * 


FE = Foo PS! Ee = 3.84108 s/ 
Aig, = 24137-4444 4:4x 29/3. 8 
= 7034 or JI 40 (Ntreested sts 
Opreshress = -o, BO 132 96), tt 
99 =-999 pst oo 
Wave Mad, = 1386/1011 
@ bam a tl2t9 Psi aa 


Resitual Jéusion: wave S9,,- Frestr@ss y 
= 1299-977 = Z50psi US nnla Steel 


RzC MN. 
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OK max. = E0x Tr FFOCSPCSES x 
= -33 +O ef PAS 


2-23 PSs eS 


0g marge ECA + Freshrtsy at B 
SSM 6FS  12F? HS HOTT 


"| 
| { 
N 
RD 
sd 
dD 


Fe reguirta = Crax [ode 
< 2896/0495 
= 6425 /%! 


Vee Norrne(wemt Concrere , FE = 7000 psr 
or Frag ers MIA SIE | 


Final Compressive Stresses af pt B due fo 42% 


ILS rd 


Nav KILLS 
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Fulw Denon | Assume Flo pied & thé Top. 
Pe | 
SMG BITS A a LIT ROS. 
= 2093k 
th ; gb 
1 
Lisi, rend Ors ce : 
Tut 42S O92) ~ 26165 
Mur Cle) iie) ~ 46oGrr" 
! ah “ ==> BS NS a eek lyn Gy nf aS 
. oon WHE oA Or > 1 3-GO 2D ee? be 
’ ‘ 
oh phd u Fe = 6000 psi. 
yon. uy 2.Shaieel -° 


Age | i> ov ~ 1404 4 bars 


chetaree fo conloreing <hel 
Beene bars spacecl CEOS" lu 
Y 


d 


the output fora ROUNDS awee Hy dishnee Cron the 
The <teel strecc 14 aleo arin. (eee next praqby 


N t 
For the output stooum, the doth of comerecc ion 
block eS SAM 4 , 


1 


“DvP... 
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NAS 


4 


REVISION. 


=) pe ee 
ds ee 


yy ee 


t 


: 
3 1 i 
1B 42,034 ; 
ice +35, 473 1 
i3; +25, 354 1 
{5 422.138 le 
tr +i4,455 1 
{3 + B.S Ie 
ils ~ 2,483 i 
: aor -11.413 i. 
: -EL.255 1 
-2t. eo i 7 
-4! s 18) 7 
2 “52, 30% i 
3 ~6o, Ba 1 
35. Se 9 1: 
41.51 8 1< 
44,43 “8 pe 
Sea Ses a8 1 
53.47 a ! 
a.90 g 1 
é.? a8 { 
rs 
{° 
1 
1 
1 


oN 
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Syjlon Lesae | 


Kexces” 
Atx66" 
AL= 78" 


ZEAL = arco, “FRY = BLS? = 1 G4] rad 
LBAC 2 avecos GEE « 18.14°= .827 rad 


LOAD = 2675-18.14= (B.0\° = .Bl4rad 


Avea cectov ADF = (64178 )* = 2900 mt 
flea ceciov ACE = CZ2ZN(LL)* = 1424.4 n* 


hee of AAED = GC)Si 18.01 = 20,410 
Avea AACD- (4)(00.4\(18) = 718.6 


Aves comp. block = 3400 - 424.4479. O22) = BEAF 


C.4. Comp. block we) 
age 182,192) (2/3 


\ 


\/ ‘ 
AS a s] 


_ CABS 2615 (qm) - (ESR EVANS 
6 (dL. C4) (3499) @l,321) 


E84.4 


= 73,45" 
(= @84.4X.85)(6)= 4510 


PROJECT: INSET -IEOS 


Li) 
army aris 
4a) ee 
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SF WIG FLO 


f d of “ . , ' 
Feline arg tales. dicate ike "JG! bi chwesc Pj ee ec peace dn 
IE = / BSF) JODO = tea | Ps! 


(ZONE Ys VOU ea AST 


Ay JP = CADRE) 7 gaint /f 
bo : 


Aan 4q z/ pi. 
Zee Liq in/t 
tv #£G@@" 
ras) L ' 


{ 1 { 
inevesce the wall thicknecs in the eftechue ereer area 
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REVISION: 


“ce 


7,5 B@SInIn * 
Piz besign 
Files rust vezict a - WOOLY 


ASSUME 4 Wad, 
Shear 
= ‘ 


Oye rtivn LAL 
’ 


Mus Zoqeet rr 


eeue the dee in the lovertud ral Avechion i ar hee % tines 


is Vee 


that wa the darseuse Ucueclrat, ete grec ostar Layo. 


] 


20 122007) = 41852 
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my 
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DESIGN LC sn. Petticle IPH, 


—— 3+ actin (4%) 
P hi Os 946° 


i Ka, = _2G1\G + Set = BIA io K 
’ C2tSr 24) 6089.46 - 


4a (2) (80446) "2564 66 
fe : [a 
{eee & = 1400 : 


ULTIMATE MOMENT, K-FT. 
© 100.200 300 400 ~— 500600 


SO 


o a . 
FS . f 6000 psi 


Pai 


= GL22 & = gl 
ary amie dik 
NY. : Bul = amt piles 


; T4O i 
ascome allawstle fectin'= 25% allowsvle compression 


tq +.tSny = 14 
. iL = IZ piles ont cach side of the py for 


For the transverse detion vee 4 pilec on cack: side aince 
the load tc approm. 4. 


SS SS 


ANY ASS saa 


Lean Ie SVIRIUE Pio 
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seer ench? oe asntact sot fsce. 
Ce 


Allowable coreprescwe sles = 1.77, sgylecce) » 2870 
allowable force = GS7OSUZLI28) F S4HCK 


’ 4| § Sle oe t 
fe) aa pede? 7 2 pela o 
Mom TO AVL. S9IZ Tice 
} i, } / wi oot -/ t ’ 4 * Ji poe: 
uf t -O ttytr or THE vorlont Freel 1-79 v CIN 
surface T&R. 


of 1 


Po picts Sf ee E 
(Cidl Ceoive ol toydcatod = 


+ 7 

+ fi 

a. if 
Bond (ee 

JO ".O , 


wt. of pylon 


t : f { ( 
gscome 40'-0 of hollow pulon 13 0.0. /N'E.D 
lo-o golid 12.6" 


' ' ; ee gl 
OCLL PEL COCKE f PO ee IG. ! dtaxcter Cuen & tr 


4 


Volume = 1 (6.5% 6,2) C40) * (my6.25) Clo) = 2145.0 1 


ut = 7126.2 015) = 411% 
Ot 266.6 TONs. 


witht mnereaced wall Ines gue fa shear 
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We ‘aby OF Structure + Scheme 2 
Fe = F000 S' Worme/- wegut concrtse . 
fE = (80 PCF 


SPINE ? ares” ~ | lenaty” | volun. (P)| 


Jointe BShab FH 2.5 | 1000 2. #64108 


VOSS - SECT. : 836 | /000 | B.3éx10> | 
JI | 
7TOnSV. cae 1K40 | -2/n (S54 | 19/109 
_ ! H i 
Trarisv. Besms 15% @ | 2494/54 ! 4:.4¢-«)07 , 
Vert beams 1548 | 24538 495x403 | 
, VS2 | | 
Wencts | 20 Cusdo’ | 27K f07 ! 
CrOSS “SEC. 274+ éx3é0° | Ex jo5 | 
A-X 5 3/0 | 64/20’ | 2:23 195 
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